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“ABSTRA

The development of flexible, solid propellant rocket
motor case insulation is dissussed. Data are presented for
insulation based primarily on butadiene/styrene and butadiene/
acrylonitrile copolymers. The oxyacetylene torch test cur=
rently being standardized by the Flame Ablation Test Group of
Section III-L of ASTN Committee D-20 was the primciple screen-
ing tool used in the study.,

Vulcanizates were compounded using a variety of fillers
and filler combinations iscluding salts, resins and fibers,
The selection of these fillers was based on such properties

‘as heat stabillity, ability to form char, heat capacity and

their known ability to reinforce rubber, As a result of these
studies, a material was developed which static motor tests
show to have promise as a flexible material for case insu-
lation, This material was based on a butadiene/acrylonitrile-
phenol furfural-asbestos composition,

Other promising materials which are reported are based

on two types of liquid butadiene/styrene copolymers and a
butadiene/acrylonitrile~pelyvinyl chloride blend.
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RECOMMENDATIORS

It is recommended that a double bladed, -Sigma type mixer
be obtaired in order that more uniform mixes of liquid poly-
mers and fillers can be obtained without destroying the in=
tegrity of the filler itself. ‘

It is recommended that commercially available liquid
polymers be evaluated with long fiber ashestos as a filler in
order to determine the superiority of one polymer over
another.,

The best insulation material developed to date in this
study is a butadiene/acrylonitrile-phenol furfural-ashestos
vulcanizate, It is recommended that a study be conducted to
optimize this composition as to gquantity and types of in-
gredients; for example, it might be possible to substitute a
liquid polymer in place of the solid polymer, '

Despite the poor elongation of resin filled insulation
materials, the good insulating ability and erosion resistance
of these vulcanizates warrant their further study. It is re-
commended that special efforts be made to evaluate fully the
flexible resins developed by Atlantic Research Corperation
under Contract #DA-036-0RD~3325RD as well as commercially
available flexible resins,

id 62-2366
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DEVELOPMENT OF FLEXIBLE INSULATION FOR
SOLID PROPELLANT ROCEET MOTOR CASES
OBJECT

To developvinproved, flexible, thermal case insulation
for solid propeilant rocket motors, ' ‘

INTRGDUCT ION

Lighter weight structural matarials and more efficient

- -propellants are among the majcr factors which are expected to
improve the performance cf sclid propellant rocket motors,
Concomitant with the use of these materials is the nesd for
more efficient rocket motcr insulation., The lightweight
metallic and plastic case materisls generally suffer from
low tolerance tc heat. The super propellants burn for
several minutes at very high temperatures and produce high
pressures and ercsive coebustion products. These factors all
indicate the need for improved insulation. Superior insu-
lation is especially needed for rockii\motors which exploy
end-burning grains, Batchelor et ali‘’/ point out that "the
capability of rockets using end-burning grains can be limited
by the motor case insulaticn because this material must sur-
:ive exyoSure to the hot gases for the total duration of the

iring." '

Case insulation must possess the obvious characteristics
of heat and erosion resistance in order to withstand the
severe operating environments but in addition must exhibit
the less obvious property of flexibility, The need for
flexible case insulaticn has been cited ?{ only a few workers
in the open literature. Batchelcr et al ) state that "the
liner [insulation] need not add mechanical strength to the
case, but it must maintain its integrity while being strained
to conform to the case defcrmation which occurs at initial
pressurization and may reach 0.8 percent,” Batchelor et a1(2)
further state that "the selectior ¢f rubber binders is often
prompted by a realizaticn that flexibility and reasonable
elongaticn in a motor case insulatien is g?g?rally desirable
and often imperative.'” Shapiro and Hughes describe rubber
based insulatilon which has an ultimate elongation of 600
percent. This very high elcngaticn was not the goal of these
workers, it was merely the value cbtained fer the insulation
which they had developed.

What degree cf flexibility ’3 required in case insu-

lation? It would appear that t1e .tate of the art has not
- -advanced sufficiently to previde unsweirs t10-this question.
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It is the cpinicn ¢f the authcors that Batcheler'’s value of
0.8 percent elcngaticn is toc low and does nct provide a
pargin of safety, The 600 percent value of Shapirc and
Hughes seems tc be unrealistically high,

It has not beer the purpcse of the present study to
determine the optimum degree of flexibility fcr case in=-
sulation nor has the werk been pointed toward any particular
rocket motor system., The primary aim has been the develop-
ment cf insulaticn msterials having maximum flexibility and
minimum density, with bcth of these properties mederaized to
provide insulaticns ccnsistent with the fundamental require-
ments, namely, resistance tc flame and erosicn.

The many desirable features of case insulaticn; viz,;
compatibility with and bondability tc grain and case, ease
of manufacture frcm commercially available materials and
- high degree of reliability during lcng term storage have
been kept in mind but have nc¢t-_been the main guidelines for
the develcpment werk repsrted herein.

A major difference exi?tg between the werk reported
herein and the earlier werk‘7’) in that the test method used
here is much more severs. o

PROCEDURE

Screening ¢f candidate insulation materials was per-
formed with an cxyscetylene torch test, A schematic dia=
gran of the test equipmert is shown in Figure 1 and test
conditions are presented in Table I, The equipment and prc-
cedures duplicate those of the test currently being stan-
dardized by the Flame Ablaticn Test Group of Sectisn III-L
of ASTM Committee D-~-2G. Further ggtails pertinent t<¢ this
type cf test have been published{%’ by the Naval Ordnance
Laboratcry,; the agency largely responsible fer the current
efforts to standardize the tcrch test, ,

The effectiveness of candidate insulatisn materials was
measured by iwo test griteria. One was the rite c¢f tempera-
ture rise on the back side of the specimen while the front
side was expcsed tc the cxyacetylenme terch flame, The cther
was the time required for the flame to burn through the speci-
wen, The results of tlhe tests cbtained in such manner are
reported as a perfcrmance index and ap ercsicn rate. The
index; referred tc as P200; is computed by dividing the
time (seccnds} required for the specimen back side to reach
2000C by the original specimen thickness (centimeters) and :
_ by the specific gravity. The ercsion rate, E, is computed . _ . __

by dividing the original specimen thickness (mils) by the
burn through time in seccnds, It shculd be noted that high

2 ' 62-2366



TR [N SPUOISE ¥

10,08¢T-0 *0658H—0: .
%.5— L ISPI0IWH

62-2366

FIGURE 1



TABLE I

TORCH fBST OPERAT ING CONDITIbNS

Oxygen flow rate, stanqarﬁ'cubic feet/hour (SCFH), 127
Acetylene flow rate, SCFH, ; 97
Yolume ratio of oxygen to acetylene, : 1,3

Impingement angle between flame and

_ specimen, degrees, ) 90

) Specimen size, inches, | ) 4x 4x 1/4

Diétance from torch tip to}gpecimeﬁ,‘inches, | “ | 3/4
“Tanperature of o;;gen and acetylene, ©C., ] ~‘2413m7

77!§thod of dgtermining moment of burnvthrough, visual
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values of Pgpp and low values for E are indicative of good
insulation properties, Unless ctherwise noted, the perfor-
mance indices and ercsicn rates reported in this work are the
average of two tests, The average variance of the performance
index is 3 points, that of the erosicn rate about *0.2 points.

Those materials which exhibited excellent thermal insu-
lation capabilities during the screening test were further
evaluated in static rocket motor firing tests conducted by the
Allegany Ballistics Laboratory {ABL) and the Atlantic Research
‘Corporation [ARC} at their respective test facilities. De-
tails of the static fig%gg test methcds have been published
in a classified report‘¥/. N :

Formulations and curing conditions for all compositions
tested are given in Table -II., Test specimens were molded in
a four cavity mcld, ) :

Unless otherwise ncted, all compounds were mixed, cured
and tested for stress-strain properties iIin accordance with the
applicable ASTM(6) procedures.

RESULTS

One of the major findings of the earlier work(7) on case
insulation conducted at the Rogk Island Arsenal Laboratory
was that the behavior of unfilled (gum! rubber vulcanizates,
when tested in an oxyacetylene flame, depended upon the type

- ‘0f polymer present in the vulcanizate.- This observation was

‘ based on data obtained with an cxyacetylene torch test
similar in most respects to the ASTM prcposed standard test
described in Figure 1 of this report but utilizing a lower
velocity flame which burned at a cooler temperature. In an
effort to determins whether the higher velecity,; hotter
flame was also capable cf differentiating ameng the insu-

- lation abilities cf various gum vulcanizates, a portion of

the earlier work on gum vulcanizates was repeated with the
ASTM proposed test. The results obtained with the twe torch
tests and the major respects in which the tests differ, are
given in Table III, ”

It is readily apparent from the data in Table III that
the low velocity torch test provides discrimination among
gum vulcanizates based on different polymers whereas the
high velocity test prcovides nc discrimination. All speci-
mens tested in the low velccity flame charred to varying de-
grees., It is believed that the amount, type and strength of

‘ the char determinhed the length cf time required for heat to
ever, no visible char was fcrmed c¢n any of the specimens.

5 : 62-2366
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It is assumed that if char was formed, it was immediately
blown away by the high velocity f..me. Thus, in the newer
test, all specimens were penetrated by the heat of the flame
very rapidly and at equal rates,

Many investigatcrs have repcrted tho¢ the efficacy of .
case insulaticn materials depends to a ldrge degree upon -the
abllity of the predominant polymeric iugredient to form low
molecular weight gases. The gases add to the insulation
efficiency by abscrbing heat while flowing through the
charred layer, through the process termed "transpirational
cooling"”. No investigator, however; has fqrmed definite con-
clusions as to wiaich pclymers previde optimum transpirational
cooling when insulation is burned under the conditions of the
torch test or those of actual use, Lacking this information,
and realizing that the torch test was of no value in dis-
criminating among pclymers on the basis of tests on gum vul-
canizates, the selection of the pclymers for use in a study
of filled vulcanizates became somewhat arbitrary. 'The two
polymer types chosen for the majer portion of this study,
butadiene/styrene (SBR) and butadiene/acrylonitrile (NBR),
were selected because of their current use in commercial in-
sulations, their compatibility with a wide variety of tillers,
low densities aud low cost.

The torch evaluaticn results fcr vulcanizates based on
SBR and containing fillers are given in Table IV. The data
- are arranged into grcups; according to the types of fillers
used. Choice of fillers was made on the basis of inherent
heat resistance, ability to reinforce rubber, capacity to
absorb heat during change in state or ability to form highly
crosslinked systems, ,

. Before analyzing the data cf this report, it is impor--
tant that the reader understand the significance of the per-_
- formance index snd the erosicn rate and tb be aware of the
relationship between these test criteria. It should be
apparent that a material which is a good. thermal insulator
will require a lcng perlod cf time to atiain a backside
temperature of 2U0“C, and it will., therefcre, show a high
index. Its ercsion rate will usually be low but the re-
lationship between Papp and E will nct necessarily be pro-
portional, because the twc values are determined at differ-
ent points in time, Twec materials having equal Pgpqg values
may exhibit grossly different E rates, derending upon their
performance after the 20CCC. temperature is reached. For
example, one material may have a high coefficient of thermal .
L conductivity bu* may be very resistant to flame penetration ,
Lmom—mm e -—gnd-pres ien;—in—which-case—it-wiliexhibit—a—pooer—Qow} P3og——--
but a good (low) E rate, This situaticn ie best exemplified -

9 o 62-2366
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by the very hard, rigid materials kncwn as carbon-graphites,
Typlcal rubber based insulation containing less than 50 PHR
of carbon black cor silica fillers will exhibit a poer P200 as
well as & pocr ercsicn rate, For the purposes of this study,
it was decided that only those insulation materials having
indices over forty and 2rosicn rates lower than five were
worthy of further evaluation,

Examination of Table IV indicates that of all the vul-
canizates in the first group, those containing chrysotile
long fiber asbestos showed the best insulation prcperties.

e good Ilame resistance of these vulcanizates is attributed
to the fact that the asbestos fililed vulcanizates formed -
profuse, strong chars which remained attached to the test
specimens duriug the entire test, thereby insulating the sub-
strate material against the heat of the torch., VYulcanizates
containing shorter fiber length asbestos alsc formed large
amounts of char but these chars were weak and spalled off
under the impact cf the high veloclity gases, It is inter-
esting to note the tensile strength values of the fiber-con-
taining vulcanizates. The tensile value 0of the compound con-
taining 100 PHR long fiber asbestos is the highest of the
group, indicating that perhaps there is some correlation be=
tween tensile strength and ability to form strong char. The
correlation is far from absclute, as evidenced by the fairly
high tensile strength but poor performance imparted by
potassium titanate, It is important a%z this point to note
the useful temperature limits for chrysotile asbestios,; ceramic
and aluminum silicate fibers, The values are 815, 1140 and
12500C., respectively. Thus, the least heat resistant fiber
produces the best insulation; when all three are compared in
SBR vulcanizates at equal weights., This information lends
some credence to the belief that the superiority of asbestos
as a filler in rubber-based insulaticn is due in part to its
inherent strength. Those vulcanizates which ccntain brittle
fibers such as ¢hopped glass, ceramic or aluminum silicate;
all had low tensile strengths; probably because of the
cutting acticn of the filiers when under tensicn. '

In the second grcup cf fillers in Table IV, it is ncted
that only three of the six rhenclic resins which were evalu-
ated showed any promise as fillers for SBR based insulation,
The vulcanizates ccntaining 10C PHR ¢f the rhencl formalde-~
hyde resins 1 and 2* and the phenol furfural resin were the
only cnes to exhibit gecd torch performance. However,; the
vulcanizate ceontaining 100 PHR resin #1 was very brittle and
this resin is, therefere; considered unssatisfactory for use
with SBR, Poor dispersicn of resin is indicated by the large

*For trade names see Ccde Sheet at end of regort.
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variation in ultimate elcngation in the case of the phenol
formaldehyde resin #2. The phenol furfural resin appears to
be the most suitable of this grcup of fillers for use with
SBR.

None of the oxides shcwed promise as fillers for SBR,
Most of the vulcanizates cf this group burned with a "popping
out” of the filler, The compound containing hydrated silica
was the only one to form a char but the char spalled rapidly.
Again; as in the case of the fibrcus fillers, there appears to
be correlation beiween the ability of a filler to reinforce
the rubber and the ability cf the rubber to form a char,

Although none <f the group <f miscellanecus fillers im-
parted good torch resistance; two are of interest. The low
but nonetheless significant effectiveness of pentaarythritol
may be caused by its interagticn with the rubber. The very
low elongaticn of this wvulcanizate indisates a high degree of
cerosslinking; perhaps csused by the large number of reactive
sites and the mclecular symmeiry of pentaerythritol, The wvul-
canizate containing 100 PHR of carbon black showed surprising
data; high tensile sirength but poor torch performance. The
explanaticn tc this scmewhat anomalcus behavior is not -known,
but may be due to the fact that carbon black burns.

The study of single fillers used in SBR vulcanizates was
followed by work on ccmbinsaticns of fillers in this polymer,
as reported in Tables V thxéugh VII, inclusive,

Table V prevides icrsh data for SBR-based compounds con-
taining xarious ccmbinaticns cf long fiber chrysotile
asbestos” and a phencl furfural resin. These fillers had
provided good insulation to SBR vilcanizates when used
separately; as shown by the data for the two centrol com-
pounds. The use cf *hess fillers in ccmbination provided
only marginal rcvement i torgch performance, The best
compound, ccntaining 75 PHR cf asbestcs and 50 PHR c¢f resin,
had a higher Pggp value then tha¢ of the controls but it
showed only 1littls lmprcvement in ercsioen rate,

The las* three entries cf Table V are performance data
for compcunds each ccoizining 100 PHR of asbestos and of
phenslic resin, but esch bssed upzn a different polymer.
There is essentially nc differenze in Pgpo for these com=-
pounds but *the ercsicn rates differ significantly, the com-
pecund ccntainicg ths 60/4C butadiene/styrene polymer having
the lowest E rate and the cne ccntaining the 76.5/23.5 ratio
polymer having the highest rate, These differences may be

A*In +he rema-ning p:rt;cne cf +his “epsw* the word
"chrysctile™ will be cxzitted frcm “long fiber
chrysec<ile ashes*<s’™,
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attributable tc differences i rates of gas evolution, types

ot gases generated from each polymer, the fiber length of the
asbestos, or the viscosity cf the rubber on the mill affect-

ing fiber length,

Table VI presents terch data for compounds containing
ceramic-type fillers. Among these 1s a compound (S7TTClF86)
which contains six different metallic,gfides in the propor-
tions in which they are commonly used‘®’ in manufacturing
high-alumina fire clay. This compound represented an attempt
to produce in situ & high temperature resistant refractory
material,  The char which resulted from the burning of this
compound was, indeed, glassy but it spalled readily and per-
formance of this compcund in the flame was poor, being inter-
mediate between a compound containing 100 PHER alumina and
one with 100 PHR silica. The high elongation of the compound
containing the oxide mixture was encouraging, therefore,
asbestos was included with the cxide mixture in an attempt
to keep the oxide char from spalling. The resulting material
(S77C1F78) did indeed exhibit reduced spalling and improved
torch performance, As expected; the addition of asbestos re-
duced the ultimate elengation. An attempt was made to in-
crease the elongation by reducing the quantity of rubber
curatives (S877C3F78), thus prcducing an undercure and greater
elongation, The expected effect tock place but unfortunately
torch performance suffered,

The results in Table VII show the effect on torch per-
formance of the addition of potassium oxalate to SBR vul-
canizates, The results show that the addition of the oxalate
produced rather marginal improvement in the case of the com-

-pounds containing phenclic re=in dnd asbestos or the oxide

mixture and asbestos. In the case ¢f the compounds .ccn~
taining resin, asbestos and oxides or resin alone, the"
addition of potassium oxaslate impaired torch performance,
Salts such as potassium oxalate should be desirable fcr use
in case insulation because cf their potential as trans-
pirational cecling agents and because; in general, they have
relatively low densities, They have the shortcoming, however,
of being hygrescopic. Their affinity for water might ad-
versely affect tke processing of cecmpounds containing them
awd might alsc adversely affect the storage stability cf the
fabricated insulaticn,

Only a limited amount c¢f development work was performed
with butadiene/acrylonitrile (NBR) ccpclymers. The most

- noteworthy results were cbtained with a 55/45 butadiene/

acrylenitrile; which was selected because the higher nitrile-

“containing members of the NBR c¢lsass are more compatible with

phenclic resins, Ths results of work with this NBR polymer
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are given in Table VIII, The first twe compcunds listed
have higher perfcrmsnce values and lcwer ercsicn rates than
these of any of the cther compounds described in this report
and are the best insulaticn materials; on the basis of the
torch screening test, developed by the Rock Island Arsenal
Laberatery tc date., In comparing the data fcr these twe
compounds tc the dats for similar compcunds based oz SBR
(see Table Vv, F77 and F78), it appears that within the par-
ticular polymer~resin-asbestcs combinaticn in question; the
use c¢f NBR provides insulaticn materials supericr tc those
in which SBR is the rubber pclymsr. This apparent superi-
ority of NBR cver SBR may be due to the better resin com~
patibility of the former. Appzrent differences between the
thermal insulaticn preoprerties of the SBR and NBR will be
discussed at greater length later in this report.

Formula N141CF cf Table VIII differs from N141F in that
the rubber curatives were cmitted; in an attempt tc previde
an undercure for the rubber porticn of the compound; thereby
increasing the ultimate elcngation c¢f the vulcanizate. The
elongaticn did not increase but the torch perfcrmance became
poorer. This is an impcrtant pocint., From the low elongatich
of compcund N141F,. it may be assumed that the matrix is pre-
dominantly plastie,; rather than rubber, in nature, This is
probably the reason why the presence cr absence of rubbsr
curatives had lifttle effect upcn the stress-strain proper-
ties of the cofuwpcund. —Nevertheless. fer some reascc as y6t
not completely understocd;  the rubber curatives had an in-
fluence upon the performance &£ the ccmpound in the torch
test., Apparently the degree of cresslinking of the rubber,
even though rubber is nct the predcminant ingredient; is im-

‘pgrtunt. L

The last compcurd of Table VIII is the same zs the first
with the exception that it contains pctassium cxalate. This
salt again prcoved %2 be detrimental, &s shcwn by the lower
index and higher erosicn rate of the vulcanizate ccniaining
it.

: In an attempt tc utilize better the strength cf fibtrous
materials, insulsticn specsimens were pregsred by fcocrming
laminates c¢f asbestes clz*h and rubber and of an crganic heat
resistant cloth {see ccde shset} and rubbex, In scme £a86S;
compcunded rubber wzs sheeted cut and placed between layers

of the c¢lcth, I cther cases %the scompeunded rubber was applied

ontc cne side =f the clcth by means ¢f a two-rcll calerndar.,
In one instange, the rubber was dissclved 1n sgetene; the
cloth was sczked ian the rubber scluticn and the czated cieth
was alr and vaculim d¥isd,  In 411 cases the plisd-up IEyers
were plazed in a mcld and cured under the same ccnditicns as

-
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were used for nonlaminated specinens. Table IX lists the
major constituents, methods of fabrication and torch test
Jata for the laminates, '

None of the laminates of Table IX performed well in the
screening test, Although Pgzpo values are not available, it
is estimated from the approximated specimen densities that
the indices would range from 60 to 20. Sixty is a reascnably
gooi! index, however, all of the laminates delaminated during

_ the torch test, The specimen in which the fabric wis coated

by being dipped in a solution of the rubber represented an
attempt tc provide good rubber to fabric adhesicn, This
specimen, howuver, delaminated as readily as did the others.,

A comparison of the effectiveness c¢f laminated and non-
laminated specimens can be made in only one instance, The
laminate containing nine layers of asbestos cloth is com-
parable in composition to the compound (S77C1F84, Table VII)
containing 50 PHR long fiber asbestes. The time tc 200°C

for the nonlaminar compound was 43 and the ercsion rate was 6,

~therefore, it is obvicus that the laminated gompound showed

pecorer torch performance,

Experiments were conducted in an attempt tec verify the
postulate that the effectiveness-of insulation which contains
ashestos 1s related to the size of the asbestos particles or
fibers. Table X summarizes data presented earlier im this
report for SBR ccmpounds each containing 100 PHR 2f & differ-
ent particle cr fiber size of asbestos; ranging frcm fine
powder to lcng fibers, It is apparent from the data that the
longest fiber asbestocs provides the best insulation. The
data of Table XI further proves the superiority of lcng fiber
over shert fiber asbestos., All four entries in this table
are for the same compound (S77C1F88, Table V) containing 1C0
PHR each of leng fiber asbestes and phepcl furfural resin.
The compounds differ in the extent to which they were mill
mixed, The first ccmpcund was mixed with the mill reclls as
far apart as possible without lesing continuity of the banded
rubber. In this manner maximum asbestos dispersion with mini=-
mum fiber breazkdown was achieved, After mixing, a porticm cf
the rubber was _cured into torch specimens., The remainder of
the rubber was then further milled by énd cver ending 10
times, A porticn ¢f this mix was removed and cured. The

‘third and fourth ccmpounds received an additicnal 10 and 2C

end over ends, respectively. The rubber which received the
least mixing had lcong asbestcs fibers clearly visible on the
surface of the cured specimens whereas the rubber which had
received the most mill mixing had ng visible fibers cn the
surface. The data cf Table XI clearly shew the superiority
of the ceompcund which had received the least mixing and thus

coentaining the-lengest fibers, -"Beth-Tables X gpd-XI show - - - - -
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TABLE X

THE EFFECT OF ASBESTOS PARTICLE
~ SIZE ON TORCH PERFORMANCE

RIA ~ Approximate - Tensile
Formula Particle or Strength,
No, Fiber Size P200 E. psi
S7T7C1F22 0,18 - >0,5" 51 5 11050
STTC1F57 0.08 - 0,18" 18 14 . 800
S77C1F21 {o0,08" 14 18 560
S7T7CF71 8 microns 10 26 ' 540
TABLE X1

THE EFFECT OF DEGREE OF MILLING ON THE TORCH
PERFORMANCE OF VULCANIZATES CONTAINING ASBESTOS

' Tensile
Extent of Milling* P200 E, Strength, psi
Minimum 59 3 2250
10 additional . 48 5 2280
end over end ‘ .
20 additional 44 5 1090
end over end :
Maximum 30 34 7 Not measured

additional
end over end

*Compound usnd in this study was S77C1lF88, See

Table V for composition. All milling was per~

formed with the ASTM standard roll gear ratio

cof 1.4:1. All results are the average of
___four.tests. . . .. ... ... : S
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good correlation among the variables of tensile étrength,u,
particle size (or extent of milling) and torch performance,.

Although long fiber asbestos imparts good oxyacetylene
torch resistance to rubber based vulcanizates, its rather high
density (2.4 - 2.6) is a distiact disadvantage. In an effort
to raduce the weight of asbestos=-containing compounds, a study
was made to determine the minimum amount of asbhestos which
would provide optimum torch resistance, The study was made
with three polymers of the SBR and NBR types, A similar study
was conducted with a hydrated silica filler {(density 1.85).

All compounds were mill mixed under the previously described
conditions which optimize the retention of filler structure.
Test data, shown in Table XII, clearly indicate that for each
ot the polymers investigated, there is a level of asbestos
concentration which imparts optimum resistance to the
screening test. Surprisingly, this level is approximately
the same, 60 PHR; in each pclymer., Asbestos loadings greater
than 60 PHR do not provide better insulation., It is believed
that the ratio of the cencentrations of rubber and asbestos
is + ry important to the quality of the insulation. A
certain proportion of asbestos is required to provide &
thermally resistant char but a certain proportion of rubber
is necessary to serve as a source of coeling gases.

The data of Table XII also show that 40 PHR of hydrated
silica appears to be an optimum loading for the polymers in-
vestigated. The data further reveal a most interesting point,
namely, that for the compounds which contain the optimum
levels of ashestos or silica (60 and 40 PHR,; respectively),
those based on SBR are supericr to those based on NBR., As
noted previously, this difference cculd be dus to the varying
degrees of efficiency in which the polymers act as trans- R
pirational cooling agents. On the other hand, the difference
could be due to the physical nature of the polymers, For
example, the 55/45 butadiene/acrylonitrile polymer is much
toughsr, harder and more difficult tc process than is the
76.5/23,5 butadiene/styrene polymer. ‘It is quite possible
that during the additicn of asbestos to these two polymers on
the mill, greater shearing forces are exerted cn the asbestos
in the case of the fcrmer pclymer; resulting in an KBR-
asbestos compound ccntaining sherter fibers than are present
in the SBR-asbestos ccmpcund., It has already been shown that
the shorter asbestos fibers lead t¢ inferior insulation.

To study further the possible effect of pclymer processa-
bility on the insulaticn effectiveness ¢f vulcanizates con-
taining asbestos; vulcanizates of nine different pclymers,
each compounded with 60 parts of long fiber asbestos; were

-prepar&sd -&nd tested in- the torech.--The-sclid-polymers-were- - .. .
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- mixed in the usual manner, The 1iquid polymev'ss their cura-

tives and all but about twc thirds of the asbestos, were mixed
by hand stirring. The mix was tcgs viscous at this point to
permit the addition of the remaiuder of the asbestos by hand
mixing. therefore, it was sdded by mill mixing. Even though
the standard roll gear ratio of 1l.4:1 was used, very little
sher~ing acticn t9sk place during the finsl mill mixing be-
cause the mill rolls were set about 1/2 inch apart and the
compound was very soft. Table XIII gives the results of this
-work and alsc includes a qualitative evaluaticn of the prec-
cessing characteristics ¢f the polymers investigated. The
data show excellent agreement between ease of processability
and P20o¢ and E values, ithereby indicating that the soft,

smooth, easily milled polymers; such as the liquid polymers -

and the first few solid pclymeirs listed in Table XIII, pro-
bably do not cause asbestos fiber breakdown to the extent
that the rougher; harder pclymers dc., Pclybuisdiene pro=-
bably furnished pcor insulaticn bécause it is a difficult
polymer to process; not by virtue of its toughness bui because
of its weakness and tendency tc crumble. -Polymers which do
not band well; but crumble on the rslls; usually must be
milled with & tight nip, thereby increasing shearing ferces
which lead to ultimate Ziber breakdown, ]

Table XIII also lists the behavior cf each vulcanizate
during burning in the screening test. Thcse c¢ompounds which
had high performancte indices and low erosion rates showed
little cr no evidence cf loss 0f char or “spalling” during
the torch test., Conversely, the poorer perforzing compounds
spalled readily.” Throughout this entire study, spalling has
been noted to occur in those compcunds in which the asbestos
tibers are of short length. Here again is evidence that the
integrity of the fiber must be retained in order t¢ achieve
optimum insulatisn, PFcr example,; thcse cempcunds based on
the liquid SBR prlymers and containing asbestcs loadings as
low as 40 PHR provide mcre efficlent dpsulatlion mzterials
than result from the use cf 60 PHR asbestcs with conven-
tional solid SBR polymers, Undcubtedly the leng fibers of
asbestos suffer less breakage when mixed with liquid pclymers
than when milled with'sclid pelymers,

In view of the gcd& insclaticn materials developed from
the liquid and the easy processing sclid pelymers in com-

bination with 60 parte of long fiber asbestes; these prlymers

vere further explcited by ccmbining them with cther types of
fillers or lesser amounts cf ashestcs as ncted in Table X1V,
Some excellent materials resulted.

The seccnd entry of Table X1V is cme of special interest,

__The polymer in this case- is a blend cf & butadiens/acryleo=

nitrile (NBR} and polyvinyl chleride (PVC). The excellent
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"understend, - -

terch performance of the vuicsnizste bzzsd <o this polymer
may bs due, in pzri, to the ease with which the lcng fiber
asbestes is inscrpcreated izt the subber; but may 2lss be dus
*s the prssence 2f the PVC, It 1s kniwn that puliyvinyl
fiuoride; 8 polyrer mimilar in many respedts to PVE, veola-
lizes counplietely upst pyreliyeis snd does n2t form & char,
Perhsps PVC zois similsrly, If this is true, the blend of
NBR snd PVC would produce a larvger volume cf gases than would
NBR alcne, baczuse undcubtedly NBR pcoliymer produges sceme chay
rather than volatilizing cempletely. This insreased zmount
of gas might produse g lerge epcugh cccling effest to ascount
for the superisrity of the NBR/FVC bisnd, 1t was aosted zfter
the torch burniag ¢f the NBR/FVC zempound asniadning ashestcs
and siiicz {Ni141C3D5F19; 3%zt tbs spscsizes had blown sand ex=~
panded. This behavicr was rat chssrved with any cother simi-
larly filled pclymer compisitioes, thus indicating that the
NBR/PYC blLend did; psrchaps; pvrdeﬁ greate* vslumes of ggs

‘than did compounds bassd sn otber polymers.

Thé use of fine particle size carbsc biack wr hvdrgt&d
8ilica in coajunctiss with asbesius impsroved torch performince
over that chtiinsd with gsbestcs alsne, Compounds N141C3D5F19
and .N141C3D5F5 shew this compariscn for the sompounds con-
taining the NBR/FVC YHlezd ard the last four compounds ~f
Table XIV show ths zomparissn for valzanizates based on =
sclid SBR. The resspn for this apparent =yne?gismgisﬁn@t

Rubbeyr ranufscturers ;"‘e rﬁrergly hsve besc resow:
mendirg the use of silizzn for rocket motdy ¢
insulation, Exsmirsticn of a&g;fgsfuge:’s repTris shows

that theix re;ggmonda‘i~ &z are based #a data «biaipsd by
the uszss of izw veloaily, 1zw . hesat filux tersch systems, A very'
limited stady wis made of ipsnladtisa somprurds bazed 2n wethyl
vinyl #nd methyl pheayl vinyl sii; 6 poive&ers, The tuych
test rezults given in Table XV d¢ noi lusk presdsing,; Hivever,
the low viesssity.-alzmost liguid charscier ¥ meny of the
siliscae pelymers, sbould make thew very desirable &5 4
matrix for fibrcus fillers. Furihsep evalusticn of liguid
siliczne polysers is planpad,

Seversl of the better insulstice meterisls devsioped

. during the e27ly r?rt*sns ¢f the work coversd by this repart

were tested in =stsiic rockst motsr firings, Resulis of the

firiag tests sonducted by the Atlaptic Research. Corpowxaticn
are givern in Table ZVE. Rezults fur the gontrsl compound
used in these tests {5 scamsrgial rubber-based materisl) sre
alss iccluded., Ths ~*sm=at sng bagsed o2 liquid polywezrs snd
on the NBR/PVC blend hsd nct been dsvelcped at ths time that

the moior tests weze cendusted, howsyer, the tcoch fest data .

ANy
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" rubber-based case insulaticn. One such guideline was esta-
blished, namely, that effective insulation mubst contain

Tor such insulations are alsc given in the table. The regults
of the firing tests performed by the Allegany Ballistics
Laboratory were classified and are not included in this report.

It is apparent from the data of Table XVI that the motor
firing test results do nct correlate in all cases with the
res1ts of the teorch test, The convergent motor results show
all three materials which were tested to be superior to the
control. However, two of these three materials had poorer -
torch performance than that of the control. The peripheral
slab motor test results would correlate with torch test data
were it not for the one value of 3.8 which is out of ‘line,

" Thus 'the convergent test rates as best the material with the
‘kighest torch performance, but the peripheral slab test rates

A8 best one of the poorer torch performeirs. Similar lack of
correlation between motor and torch -test results have been

- observed by many investigators and is not really surprising,
'in view of the gross differences beéetween the ccnditions of

the tests, namely, exposure times, tenperatures, pressures Ce

“and onvironnents. : . . o

The three compounds based‘on liquzd SBR or the blend of
PVC and NBR are 1isted in_ Table XVI merely. to show the re-
lationship of their torch test values to those of the com- '
pounds which were tested in motor firings. From this relation-
ship it would seem reasonable tc expect good performance of

' these three materials in the mctor firing tests.

DISCUSSION : - T

. It was hoped that the exploratcry wcrk covered by this
report would result in definité guidelines which would esta-
blish the types ¢f materials needed to. préduce superigr, =

4 ) .

nateriuls witich will form profuse amounts of hard,- tenacious, °
erosion resistant char. It has been shown that gun elastomers
do not, by themselves, form ‘such chars, but that these samo
elustonars, when combined with certain: types cf fillers, pro-
duce char forming vulcanizates. The most effective fillers .
are: (1) the fibrous ma‘erisls which combine geod heat resis-
tance with inherent strength, (2} resins which form highly
crosslinked netwerks; and (3) reinforcing materials which in-
crease the rubber crosslinked structure. Compatibility be-
tween filler and rubber is essentisl in all cases,

Several. 1nportant observations have resulted from this
study but prcof of their general applicability is lacking.
These cbservaticns are as fellows:

33 62~-2366




1. The degree cf crosslinking cf the rubber ccmponent
of the insulation is impcrtant to the net efficiency of ths
insulaticn. The degree cf filler reinforcement and the type
and amcunt of rubber curatives appear to be impgortant in this
respect,

2. Certiain polymers seem to produce mcre effective in-
sulation than others when each is combined with equal parts
of the same fibrous filler. It is not known whether this is

"due tc the ability of certain polymers to form more char or

to produce more gas than others or whether the differenze is
due to the ability cf the polymers to mix with the fillers
without breaking down the fiber structure. T¢ answer this
question it will be necessary to evaluate a large number cf
liquid polymers of essentially equal viscosity, .in order tec

" eliminate the variable of fiber breakdown due to shearing

forces betveen filler and polyner.

3. There appears to be an optimum ratio between filler
and pclymer for optimum torch performance. It is postulated
that certain proportions of a char forming ingredient
(filler) as wvell as & gas forming ingredient {(zrubber) are
required. Verification of this postulate should be of gresat
value tc the future deyelopment of tlexible insulaticns, -
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theme fillers was Lased on such properties ae best mtability,

ability to ‘orm char, heat captcity and their known ability to
roinforce rubber. As & result of these studies, a material
was doveloped which static motor tests skor 10 bave promise as
a flexible materini for caas insulstion, This materisl was
bawed on & butadisns/agzrylonitrile-phendl furfural-ssbestos
composition. .

Other prowising matorisls which are reported are based.ou tve
types of liquid butadiwne/styrene copolywers and a butadiense/
acxylonitrile—-polyvinyl chloride blend. ,
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